An extreme ice storm in January 1998 deposited up to 100 mm of ice and resulted in significant forest damage across eastern North America. Average crown loss of over 75% was recorded in large areas of eastern Ontario and southern Quebec. A primary question that arose following the storm was: can forest damage be effectively assessed using remote sensing and other available environmental data? This paper presents two contrasting studies to address this question. The first involves damage modelling at a local scale in an unmanaged forest using spectral and spatial information in high-resolution airborne imagery. Results of field data analyses are also given that show relations between damage and forest structure and composition as well as changes in forest structure that occurred in the years following the storm. The second study involves regional scale damage mapping in managed and unmanaged forests of eastern Ontario using medium resolution satellite imagery and other environmental data. In comparison of several image classification and data interpolation methods, the best damage map was produced using a neural network classifier and a mix of Landsat and environmental data. The methods and results presented in this paper form the basis for ongoing long-term temporal study of damage impacts on forest condition.
Introduction
Forest ecosystems worldwide are undergoing significant changes from natural and anthropogenic disturbances. Impacts are evident at a wide range of scales from the biome level (Canadian Institute of Forestry, 2000) to individual stands and trees (Mageau et al., 1995) . Forest disturbance (including management effects) is increasing in frequency and magnitude due to factors such as climate change, increasing demand for forest products, and land w Author for correspondence: E-mail: doug.king@carleton.ca conversion to urban or agricultural uses. This impacts forest ecology, forest management (Parker et al., 2000) and floral and faunal habitat (Ehrlich, 1995) . Efforts are being made to develop methods for sustainable management of forests to reduce adverse impacts while maintaining adequate productivity for human use. Measurement and monitoring components of these efforts include the system of ''Criteria and Indicators'' as stipulated in the Montreal Process (Canadian Council of Forest Ministers, 1995), many of these being suitable for measurement using geo-spatial data and analytical techniques (Goodenough et al., 1998) . Franklin (2000) summarizes them within a detailed treatment of the context and methods of remote sensing in sustainable forestry. Disturbance assessment and monitoring are significant aspects of sustainable management and of efforts to improve our knowledge of ecological processes. Robust methods are needed to quantify and map impacts resulting from various disturbance types including long-term stress, sudden high impact stress, or forest management operations. The research programme at Carleton University (King, 2002) addresses each of these using multi-scale remote sensing and environmental data analysis. For the purposes of this special issue, this paper focuses on the high impact forest disturbance that resulted from the 1998 ice storm of eastern North America.
THE 1998 ICE STORM
Ice storms typically result when a moist warm air mass overrides a colder air mass that is situated over a frozen ground surface (Oliver and Larson, 1996) . Rainfall freezes on impact causing ice accretion on surfaces. Ice storms generally occur with high frequency (every 20-100 years) in the eastern United States and the region from eastern Ontario to the Atlantic Provinces of Canada (Smith, 1998) . Most storms only cover small areas within these regions, but local accumulation of ice can be significant, causing downed hydro lines and breakage of tree branches or trunks. They are one of the few recurring regional scale natural phenomena in eastern temperate forests that are responsible for damaging trees. However, forest response and adaptation to such damage has not been rigorously studied over the long-term (Stabb, 1998) . Irland (1998) states that survival chances vary from good for crown loss of less than 50%, to unlikely for crown loss greater than 75%. At higher levels of damage, growth suppression and wood degradation are also expected. When trees lose branches, energy is focused on the development of dormant buds and new branches. This may cause a reduction in root development, diameter growth and defensive compound synthesis, which in turn may cause soil moisture stress and an increased susceptibility to disease and insect infestation (Irland, 1998; Coons, 1999; Boulet et al., 2000) . For managed forests, there is significant possibility of further decline in forest value as insects or fungi invade large wounds (Smith, 1998) . Changes in
